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(57) Abstract 

A method of forming an outwardly tapered orifice (16) for a fully as- 
sembled ink jet printhead (10). A main body (12) portion and a cover plate 
(14) for an ink jet printhead (10) are mounted together such that the cover 
plate (14) covers an ink-carrying channel (22) which axially extends through 
the main body portion (12). First and second light beam capable of ablating 
the material used to form the cover plate (14) is generated and an ink-carrying 
channel (22) communicating orifice extending through the cover plate (14) and 
tapering outwardly from a front side of the cover plate (14) to a back side (14a) 
of the cover plate (14) is formed by directing the first and second light beams 
at the front side (14b) of the cover plate (14) at first and second angles, respec- 
tively, whereby the first and second light beams form the outwardly tapered or- 
ifice (16> 
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METHOD OF FORMING TAPERED ORIFICE ARRAYS 
IN FOLLY ASSEMBLED INK JET PRINTHEADS 



The invention relates to a method of manufacturing ink jet 
5 printheads and, more particularly, to a method of forming 

tapered orifice arrays in fully assembled ink jet printheads. 

A popular form of non-impact printing is ge ner al l y referred 
to as ink jet printing. In this technique, ink is forced, most 

10 commonly under pressure, through a tiny n ozzle to form a 

droplet- Die droplet is electrostatically charged and then 
attracted towards an oppositely charged platen located behind a 
sheet paper. Using electrically controlled deflection plates 
similar to those in a CRT, the trajectory of the droplet can be 

15 controlled to hit a desired spot on the paper. Unused drops are 

deflected away from the paper into a reservoir for recycling of 
the ink. Due to the small size of the droplet and the precise 
trajectory control, ink jet printing quality can approach that 
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of formed-character impact printing. 

Most commonly, prior ink jet printheads include a body 
portion having a plurality of ink-carrying channels formed 
therein for the ejection of ink droplets therefrom. A pressure 
pulse is then generated in the ink-filled channel. For example, 
a wall of the channel may be mechanically deflected to compress 
or expand the size of the channel. The resultant pressure wave 
would then cause the ejection of a droplet from the front end of 
the channel. 

Many ink jet printheads also include a cover plate fixedly 
mounted on the front end of the body portioa Extending through 
the cover plate would be a plurality of orifices which comprise 
the orifice array for the ink jet printhead. In most ink jet 
printheads, each orifice in the orifice array corresponds to one 
of the channels extending through the body portion. Die cover 
plate is positioned on the front end of the body portion such 
than each orifice is in communication with the corresponding 
rfrmnrf. When a pressure wave is created in a channel, the ink 
droplet is forcedly ejected from the ink jet printhead through 
the orifice in communication with that channel. While many of 
such orifices are formed in a generally cylindrical shape, they 
are often tapered so that the speed and/or directional control 
of the droplet being ejected may be affected by the orifice 
shape. For example, by inwardly tapering the orifice by 
narrowing the circumference of the orifice as it extends from 
the back side of the cover plate (the side mounted to the front 
end of the body portion) towards the front side of the cover 
plate where the ink droplets are ejected, the speed and 
stability of the ink droplets could be increased during the 

30 ejection process. 

In order to form a tapered orifice array for an ink jet 
rn-rrt-h^fl, it was common to take the unattached cover plate and 
to drill a series of orifices therethrough, for example, 
v^n^g conventional laser drilling techniques. As an 
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orifice drilled utilizing conventional laser technology tends to 
inwardly taper as it is extended through a layer of material, it 
was possibl to produce an orifice array comprised of a series 
of orifices which would taper inwardly with respect to the flew 
of ink outwardly therefrom by drilling a series of orifices in 
the back side of the unattached cover plate. ' Once drilling of 
the orifices was conpleted, a coating of an adhesive material, 
for exanple, epaxy, was placed on the back surface of the cover 
and/or the front end of the main body of the ink jet printhead. 
The cover would then be aligned with the front end of the main 
body so that each tapered orifice was located in front of aid in 
communication with a corresponding channel extending through the 
main body of the ink jet printhead. After alignment of the 
cover plate and main body was completed, the cover would then be 
bonded to the front end of the main body of the ink jet 
printhead. 

A significant problem in manufacturing ink jet printheads 
in this warynar was that the adhesive typically used to bond the 
back side of the cover plate to the front end of the main body 
of the ink jet printhead tends to clog or partially block the 
orifices formed in the cover plate. This problem has become of 
particular concern in view of the increasing popularity of 
higher density ink jet printheads, i.e. ink jet printheads 
having a channel array where adjacent c h a nn els are spaced 
between approximately four and eight mils apart In such high 
density ink jet printheads, the likelihood that the cover plate 
could be mounted on the main body of the ink jet printhead 
without having the adhesive clogging or partially blocking at 
least one of the tapered orifices formed in the cover plate has 
become increasingly more unlikely. This problem has 
significantly complicated present methods for manufacturing ink 
jet printheads, particularly those having an orifice array 
comprised of inwardly tapered orifices. 
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In one embodiment, the present invention is of a method of 
forming an orifice for an ink jet prlnthead conprLsing the steps 
of providing a main body portion and a cover plate for an ink 
5 jet printhftflflj mounting the cover plate onto the front side of 

the ink jet printhead body such that the cover plate covering an 
ink-carrying channel which axLally extends through the main body 
portion and generating first and second lights beam capable of 
ablating the material used to form the cover plate. An ink- 

10 carrying channel communicating orifice extending through the 

cover plate and tapering outwardly from a front side of the 
cover plate to a back side of the cover plate is formed by 
directing the first and second light beams at the front side of 
the cover plate at first and second angles, respectively, such 

15 that the first and second light beams form the outwardly tapered 

orifice* 

In one aspect of this embodiment of the invention/ the 
outwardly tapered orifice is formed by directing the first and 
second light beans at a primary reflecting surface, reflecting 

20 the first and second light beams at first and second secondary 

reflecting surfaces, respectively, reflecting the first light 
beam reflected to the first secondary reflecting surface at a 
specified location on the front side of the cover plate, and 
reflecting the second light beam reflected to the second 

25 secondary reflecting surface at the specified location In 

another aspect of this embodiment of the invention, the 
outwardly tapered orifice is formed having a height which 
increases from the front side of the cover plate to the back 
side of the cover plate. In yet another aspect of this 

30 embofl*Twmt- of the invention, the outwardly tapered orifice is 

formed to have a first opening at the front side of the cover 
plate and first and second openings in communication with the 
ink-carrying «b»Twn>i at the back side of the cover plate. In 
still yet Another aspect of this embodiment of the invention, 
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the width and/or height of the orific at the back side of the 
cover plate may be varied, either by selecting the thickness of 
the cover plate or by selecting the angle at which the light 
beam is directed at the cover plate. 

* 5 In another embodiment, the present invention is of a method 

of forming a tapered orifice in an assembled ink jet printhead. 

* First and second light beams capable of ablating material used 

to form the cover plate are generated and directed at a selected 
location on the front side of the cover plate at respective 

10 angles such that the first and second light beams ablate an ink- 

carrying ^Hflnnoi communicating orifice extending through the 
cover plate ani tapering outwardly therethrough. 

In yet another embodiment, the present invention is of a 
method of forming an orifice array for an ink jet printhead. An 

15 ink jet printhead body having a front side and a plurality of 

ink-carrying channels axially extending therethrough is 
provided. A cover plate to be mounted onto the front side of 
the ink jet printhead body is selected based upon the desired 
size of the orifices at the inner side of the cover plate and 

20 then mounted onto the front side of the ink jet printhead body 

to cover the ink-carrying channels. For each orifice to be 
formed as part of the orifice array, first aid second cover 
plate ablating light beams are generated and directed, at first 
arri second angles, respectively, at specified locations on the 

25 front side of the cover plate which correspond to selected ones 

of the ink-carrying channels to form ink-carrying channel 
communicating orifices extending through the cover plate, 
tapering outwardly therethrough and in respective communication 
with the selected ones of the ink-carrying channels. In one 

30 aspect of this embodiment of the invention, a filter is selected 

based upon the number and location of orifices forming the 
orifice array and the cover plate ablating light is directed 

* towards the filter such that the cover plate ablating light 

beans which will form the orifice array of outwardly tapered 
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orifices pass therethrough. 

The present invention, may be better understood, and its 
numerous objects, features and advantages will become apparent 
5 to those skilled in the art by reference to the acconpanying 

drawing, in which: 

EEGL 1 is a perspective view of an ink jet printhead 
constructed in accordance with the teachings of the present 
invention; 

10 Era 2 is a partial cross -sectional view of the ink jet 

printhead of FIG. 1 taken along lines 2-2 and illustrating a 
parallel channel and orifice of the ink jet printhead of FIG. 1; 

EIGL 3 is a schematic view of a laser ablation system for 
manufacturing the ink jet printhead of FIGS. 1-2; 

15 i ET& 4a is a cross-sectional view of a first tapered 

orifice which may be formed in the cover of the ink jet 
printhead of FIGS. 1-2 using the laser ablation system of FIG. 
3; 

FIG. 4b is a cross -sectional view of a second tapered 
20 orifice which may be formed in the cover of the ink jet 

pr |Ttt->ip*fl of FIGS. 1-2 using the laser ablation system of EEG. 
3; and 

FIG. 4c is a cress-sectional view of a third tapered 
orifice which may be formed in the cover of the ink jet 
25 printhead of FIGS. 1-2 using the laser ablation system of FIG. 

3. 

Referring first to EEG. 1, an ink jet printhead 10 
constructed in accordance with the teachings of the present 
30 invention may now be seen. As illustrated herein, the ink jet 

printhead 10 innlndes a main body portion 12 having a plurality 
of ink carrying channels (not visible in FIG. 1) axially 
extending therethrough. Typically, each of the ink carrying 
nhann^lfi extend from a first end located within the main body 12 
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and terminate at an opening along a front side 12a of the main 
body portion 12. Preferably, the ink carrying channels should 
be generally parallel to each other along their entire length. 
Notwithstanding th specific configuration of th ink jet 
5 printhead 10 described and illustrated herein, it is fully 

contemplated that the method of forming a tapered orifice array 
in a fully assembled ink jet printhead which is the subject of 
the present invention is readily applicable to numerous other 
ink j et printhead configurations. Specifically, it is 

10 cantenplated that the present invention may be used in 

combination with those configurations of the ink jet printhead 
10 where the main body portion 12 of the ink jet printhead 10 is 
formed of a single piece of material, either active or inactive, 
or formed of any number of conponents, again* either active or 

15 inactive, bonded together to form the main body portion 12. It 

is further conteirplated that the present invention may be used 
to form a single tapered orifice in an ink jet printhead having 
a single ink-carrying channel axially extending therethrough. 

Ink is supplied to the ink-carrying cha n nels from an ink 

20 supply means 13 via an external conduit 15. Many methods for 

supplying ink from the ink supply means to the ink-carrying 
channels are known in the art and, therefore, need not be 
described in greater detail here. For exairple, for the ink jet 
printhead 10, the external conduit 15 delivers the ink to a 

25 vertically orientated internal conduit (not shewn) which, in 

turn, supplies the ink to a manifold (also not shown) extending 
lengthwise in the interior of the ink jet printhead 10. As the 
manifold is in communication with each of the parallel ink- 
carrying channels, ink may be drawn into the ink-carrying 

30 channels from the manifold. 

Continuing to refer to FIG. 1, the ink jet printhead 10 
further includes a cover plate 14 having a back side 14a, a 
front side 14b and a plurality of tapered orifices 16 extending 
therethrough. Preferably, the cover plate 14 should be formed 
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of polyimide or another suitable material. Die back side 14a is 
aligned, mated and bonded with the main body portion 12 such 
that each tapered orifice 16 is in communication with a 
corresponding one of the plurality of channels formed in the 
5 main body portion 12. Regarding the taper of the orifices 16, 

the orifices 16 may be considered to be "inwardly" tapered from 
the back side 14a of the cover plate 14 where the orifices 16 
communicates with the corresponding one of the ink-carrying 
channels to the front side 14b of the cover plate 14 from where 

10 the ink droplets are ejected. Alternately, the orifices 16 nay 

be considered to be "outwardly" tapered from the front side 14b 
of the cover plate 14 where the light beam drills the orifices 
16 to the back side 14a of the cover plate 14 where the orifices 
16 communicate with the corresponding one of the ink-carrying 

15 channels. Preferably, each tapered orifice 16 should be 

positioned such that it is located at the center of the end of 
the corresponding channel, thereby providing ink ejection 
nozzles for the channels. It is contemplated that the 
dimensions of the orifice array 17 comprised of the tapered 

20 orifices 16 could be varied to cover various selected lengths 

along the cover plate 14, depending on the channel requirements 
of the particular ink jet printhead 10 envisioned. For example, 
the orifice array 17 may extend about 0. 193 inches along the 
front side 14b of the cover plate 14 and be comprised of about 

25 twenty-eight orifices 16 provided in a single row. 

Referring next to FIG. 2, a tapered orifice 16 in 
communication with an ink-carrying channel 22 may now be seen. 
The tapered orifice 16 convergingly extends from an entry 
aperture 18 of a first height located at the back side 14a of 

30 the cover plate 14 to an exit aperture 20 of a second, lesser, 

height located at the front side 14b of the cover plate 14. The 
tapered orifice 16 communicates with a front end 23 of a 
corresponding ink-carrying channel 22 at the entry aperture 18. 
Onus, when a ink ejecting pressure pulse is applied to the 
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channel 22, a droplet of ink -would be forced out the front end 
23 of the ink-carrying channel 22. through the inwardly tapered 
orifice 16, where its velocity would be increased, and ejected 
from the ink: jet printhead 10 at the exit aperture 20. 

Referring next to FTC 3, the method of manufacturing an 
ink jet printhead having a single tapered orifice or an array of 
tapered orifices such as those illustrated in FZGL 1-2 using 
laser ablation optics shall now be described. To form an 
orifice 16 in an ink jet printhead 10' having a single ink- 
carrying channel 22' formed therein or an orifice array 17 in 
the ink jet printhead 10 having multiple ink-carrying channels 
22 formed therein, a orificeless cover 14' is first mounted onto 
a main body portion 12' of the ink jet printhead 1C , most 
commonly, using an adhesive such as an epoxy, or other 
conventional mounting means, to cover the ink-carrying channel 
22'. Next, a tapered orifice is formed, preferably xn the 
approximate center of the ink-carrying channel 22' using a 
laser. Specifically, a laser 24 generates a coherent beam of UV 
light which passes through a mask chamber 26. Within the mask 
chamber 26 is a mask 27 for modifying the generated light beam 
so that it will pattern the location of the desired orifice or 
orifice array 17. The mask 27 may be comprised of a thin sheet 
of metal having a series of apertures (not shown) formed in an 
array which patterns the desired shape of the orifice array 17. 
Alternately, the mas* 27 may be comprised of a sheet of glass 
having a thin film formed thereon which covers the entire sheet 
with the exception of particular locations which pattern the 
desired locations of the orifices 16 of the orifice array 17. 

The generated coherent UV light passes through the 
apertures in the mask 27 and are then reflected off a primary 
reflecting surface 28 towards first and second secondary 
reflecting surfaces 30 and 32. For exanpLe, in FIG. 3 # two 
beams of coherent light are illustrated emerging from the mask 
17 along paths aj, bj, respectively. The beams travelling along 
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paths a 2 , b 1# are reflected off the primary reflecting surface 
28 and directed towards the first and second s condary 
reflecting surfaces 30, 32, respectively, along paths a 2 and b 2 . 
Vba first secondary reflecting surface 30 and the second 
secondary reflecting surface 32 are positioned relative to the 
orificeless cover plate 14' such that the teams travelling along 
paths a 2 , b2 are directed along paths a 3 , b 3 at a selected 
location on a front side 14* of the orificeless cover plate 14' 
where the beam converge, typically at equal but opposite angles 
to each other, at the selected location on the front side 14br 
to flrn-n a tapered orifice in the orificeless cover plate 14' . 
Of course, the mask 27 may be readily modified so that 
additional beams of light may emerge therefrom to drill 
additional tapered orifices in the orificeless cover 14' and the 
15 first and second reflecting surfaces 30, 32 may alternately be 

positioned such that the beams directed at the selected 
location, as well as the orifice formed by the beam, vri.ll 
elongate in both axes or will elongate in one axis, for example, 
height, and will not elongate in a second axis, for example, 
width. It is further contemplated that, in one e m bodiment of 
the invention, the mask 27 may be configured such that the beam 
of coherent light entering the mask 17 will emerge as a beam 
directed at the selected location and shaped such that it will 
*r-m a tapered orifice at the selected location on the front 
side 14b* of the orificeless cover plate 14'. Finally, it 
should be noted that while the embodiment of the invention 
described with respect to Era 3 is directed to a method of 
forming a tapered orifice array in a cover plate mounted to an 
ink jet prLnthead, it is specifically contemplated that, in 
accordance with one embodiment of the invention, tapered 
orifices extending outwardly from the front to back sides of the 
cover plate may be formed on an unmounted cover plate by 
directing cover plate ablating light onto the front surface of 
the unmounted cover plate in a manner identical to that 
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described above. 

Referring next to FIGS, 4a-4c, various configurations of 
each tapered orifice 16 may now be seen. Specifically, it may 
be seen that the width of the inner aperture 18 of the tapered 
c 5 orifice 16, as well as the number of inner apertures 18 per 

tapered orifice 16, may be controlled by modifying the thickness 
of the orificeless cover plate 14 f since, as the thickness of 
the orificeless cover plate 14' is increased, the cover plate 
ablating beam continues to spread out along its elongated axis, 

10 thereby widening the taper of the orifice. It is further 

contenplated, however, that the width of the inner aperture 18 
of the tapered orifice 16, as well as the angle of taper for the 
tapered orifice 16, may be nodified, for example, by 
repositioning the first and secondary reflecting surfaces, by 

15 adjusting the angle at which the cover plate ablating beams 

converge at the orificeless cover plate 14' . 

Referring specifically to FIG. 4a, an approximately one mil 
orificeless cover plate 14' was selected, thereby producing an 
inwardly tapered orifice 18 extending through the cover plate 

20 14' from the back side 14a' towards the front side 141* of the 

cover plate 14' in which the inner aperture 18a is approximately 
2. 5 to 3 times wider than the exit aperture 20a. Referring next 
to FIG. 4b, an approximately 2 mil thick orificeless cover plate 
14' was utilized to produce an inwardly t ap ering orifice in 

25 which the inner aperture 18b is approximately 5 to 6 times the 

width of the outer aperture 20b. Finally, in FIG. 4c, an 
approximately 3 mil thick orificeless cover plate 14' was 
utilized to produce a tapered orifice having a single aperture 
and a pair of inner apertures 18c, 18d and a single outer 

30 aperture 20c. Here, all three apertures 18c, 18d and 20c have 

approximately the same diameter. 

Thus, there has been described and illustrated herein a 
4 method for producing tapered orifice arrays in fully assembled 

ink jet printheads in which orifices tapered inwardly with 

i 
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respect to the direction of droplet ejection may be formed after 
assembly of an orificeless ink jet printhead, thereby providing 
an inproved method of assembling ink jet printheads which avoids 
the possibility of inadvertently partially blocking channel 
5 orifices with adhesive during the final assembly step. However, 

those skilled in the art will recognize that marry modifications 
and variations besides those specifically mentioned may be made 
in the techniques described herein without departing 
substantially from the concept of the present invention. 
10 Accordingly, it should be clearly understood that the form of 

the invention described herein is exenplary only -and is not 
intended as a limitation on the scope of the invention. 
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CLAIMS: 

1. A method of forming an orifice for an ink jet 
printhead comprising the steps of: 

providing a main body portion and a cover plate for an 
ink jet printhead, said main body portion having a front side 
5 and an ink-carrying channel axially extending therethrough for 

the ejection of ink from the front side thereof/ said cover 
plate formed from an ablateable material and having front and 
back sides; 

mounting said back side of said cover plate onto said 
10 front side of said ink jet printhead body, said cover plate 

covering said ink-carrying channel; 

generating first and second light beams capable of 
ablating said material used to form said cover plate; 

forming an ink-carrying channel communicating orifice 
15 extending through said cover plate and tapering outwardly from 

said front side of said cover plate to said back side of said 
cover plate by directing said first and second light beams at 
said front side of said cover plate at first and second angles, 
respectively, such that said first and second light beams form 
20 said outwardly tapered orifice in communication with said ink- 

carrying channel. 

2. A method according to claim 1 wherein the step of 
forming an outwardly tapered orifice further comprises the step 
of forming an orifice having a height which increases from said 
front side of said cover plate to said back side of said cover 

5 plate. 
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3. A method according to claim 1 herein the step of 
forming an outwardly tapered orific further conprises the step 
of forming an orifice having a first opening at said front side 

of said cover plate and first and second openings in ? 
5 communication with said ink-carrying channel at said back side 

of said cover plate. * 

4. A method according to claim 1 and further comprising 
the step of varying the width and/or height of said orifice at 
said back side of said cover plate. 

5. A method according to claim 4 wherein the step of 
varying the width of said orifice at said back side of said 
cover plate further conprises the step of forming a cover plate 
having a selected thickness based upon the desired width of said 

5 orifice at said back side of said cover plate. 

6. A method according to claim 4 wherein the step of 
varying the width of said orifice at said back side of said 
cover plate further conprises the step of directing said first 
and second light beans at said cover plate at first and second 

5 angles selected based upon the desired width of said orifice at 

said back side of said cover plate. 
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7. A method according to claim 1 wherein the step of 
forming an ink-carrying channel communicating orifice extending 
through said cover plate and tapering outwardly from said front 
side of said cover plate to said back side of said cover plate 
5 by directing said first ana second light beams at said front 

side of said cover plate at first and second angles, 
respectively, such that said first and second light beams form 
said outwardly tapered orifice in communication with said ink- 
carrying channel further comprises the steps of: 
10 directing said first and second light beams at a 

primary reflecting surface; 

reflecting said first and second light beams at first 
and second secondary reflecting surfaces, respectively; 

reflecting said first light beam reflected to said 
15 first secondary reflecting surface at a specified location on 

said front side of said cover plate; and 

reflecting said second light beam reflected to said 
second secondary reflecting surface at said specified location; 

wherein said first and second light beams reflected at 
20 said specified location ablate said cover plate material to form 

said outwardly tapered orifice in communication with said ink- 
carrying channel. 



8. A method according to claim 1 wherein the step of 
forming an ink-carrying channel communicating orifice extending 
through said cover plate ani tapering outwardly from said front 
side of said cover plate to said back side of said cover plate 
5 by directing said first and second light bea m s at said front 

side of said cover plate at first and second angles, 
respectively, such that said first and second light beans form 
said outwardly tapered orifice in communication with said ink- 
carrying channel further comprises the step of shaping said 
10 generated light beam to ablate said outwardly tapering orifice 

when directed at said front side of said cover plate. 
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9. A method of forming a tapered orifice in an assembled 
ink jet prLnthead having a main body having a front side and at 
least one ink-carrying channels axially extending therethrough, 
each of said at least one ink-carrying channel in communication 
vdLth said front side for the ejection of ink therefrom, and a 
cover plate fixedly mounted on said front side of said main 
body, said cover plate covering said at least one ink-carrying 
channel, comprising the steps of: 

generating first and second light beams capable of 
ablating material used to form said cover plate; 

directing said first and second light beams at a 
selected location on the front side of said cover plate, said 
first and second light beams directed at said selected location 
at first and second angles, respectively, such that said first 
and second light beams ablate an ink-carrying channel 
communicating orifice extending through said cover plate and 
tapering outwardly therethrough. 
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10. A method of forming an orifice array for an ink jet 
printhead comprising the steps of: 

providing an ink jet printhead body having a front 
side and a plurality of ink-carrying channels axially extending 
5 therethrough, said ink-carrying channels in conununi cation with 

said front side for the ejection of ink therefrom; 

selecting a cover plate to be mounted onto said front 
side of said ink jet printhead body based upon the desired size 
of said orifices at the inner side of said cover plate; 
10 mounting said cover plate onto said front side of said 

ink jet printhead body to cover said ink-carrying channels; 

generating first ai£ second cover plate ablating light 
beams for each orifice to be formed; 

directing said first and second cover plate ablating 
15 licfct beams to specified locations on the front side of said 

cover plate corresponding to selected ones of said ink-carrying 
channels, said first and second cover plate ablating light 
directed towards said specified locations at first and second 
angles, respectively, to form ink-carrying channel communicating 
20 orifices extending through said cover plate, tapering outwardly 

therethrough and in respective communication with said selected 
ones of said ink-carrying channels. 

11. A method according to claim 10 and further comprising 
the steps of: 

selecting a filter based upon the number and location 
of orifices forming said orifice array; and 
5 directing said cover plate ablating light towards said 

filter, said filter passing cover plate ablating light beams for 
forming said orifice array of outwardly tapered orifices. 
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12. A method according to claim 11 wherein the step of 
directing said cover plate ablating light to specified locations 
on the front side of said cover plate corresponding to selected 
ones of said ink-carrying channels further comprises the steps 
of: 

directing said cover plate light passing through said 
filter at a primary reflecting surface; 

reflecting said light beams at first, and second 
secondary reflecting surfaces, respectively; 

reflecting said light beams reflected to said first 
secondary reflecting surface at said specified locations on the 
front side of said cover plate; and 

reflecting said light beam reflected to said second 
secondary reflecting surface at said specified locations; 

wherein said light beams reflected at said specified 
locations ablate said cover plate material to form said 
outwardly tapered orifices in communication with said selected 
ink-carrying channels. 
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